
By FRANK DE LEEUW 

Inventory Investment and Economic Instability 

I N V E N T O R Y investment—the dif
ference between production and final 
sales—can be either a stabilizing or a 
destabilizing factor in economic fluc-

^ tuations. For example, if a drop in 
final sales leads to an involuntary ac-

^ cumulation of inventories of finished 
goods, then inventory investment is 
playing a stabilizing role, because pro
duction has fallen less than sales 
have fallen. But if the lower level of 

'' final sales persists and the swollen 
.J. level of inventories is deliberately re

duced by driving production below 
sales, then inventory investment is 
playing a destabilizing role. 

As has often been documented, in
ventory investment has usually been 
destabilizing. This article measures 

•• the extent to which various categories 
of inventories have been destabilizing 

J and, for manufacturers' inventories, 
' explains the destabilizing behavior in 

terms of the contributions of factors 
that influence inventory investment. 

The article makes intensive use of 
the estimates of constant-dollar man
ufacturers' inventories by stage of 
fabrication introduced by BEA as part 
of the 1980 comprehensive revisions 
of the national income and product 
accounts.^ The new estimates are 

" built up from separate estimates of 
inventories of materials, goods in 
process, and finished goods in each of 
20 manufacturing industries. This ar
ticle explores some aspects of what 
the new estimates tell about the be
havior of inventories. 

^ The first section of the article de
velops a statistical measure of the 
extent to which inventory investment 
contributes to economic instability. 

1. The new estimates are described in John C. Hin-
richs and Anthony D. Eckman, "Constant-Dollar Man
ufacturers' Inventories," SURVEY OF CURRENT BUSI
NESS 61 (November 1981): 16-23. 

The measure is presented for total in
ventory investment, and for inventory 
investment at different stages of the 
production process and at different 
cyclical stages. The second section 
presents demand equations for manu
facturers' inventory holdings by stage 
of fabrication; these equations permit 
further analysis of the destabilizing 
behavior by measuring separately the 
contribution of various influences— 
sales, new orders, and the financial 
cost of holding inventories—on inven
tory investment. The final section 
presents simulations of manufactur
ers' inventory behavior under differ
ent demand and cost conditions. 

The analysis indicates that manu
facturing inventory investment in 
total is destabilizing. However, the 
extent to which it is destabilizing dif
fers substantially by stage of fabrica
tion. For finished goods inventory in
vestment, neither stabilizing nor de
stabilizing behavior dominates; in the 
early stages of cyclical fluctuations, 
inventory behavior tends to be stabi
lizing, but in later stages, it is mixed. 
Investment in both work-in-process 
inventories and materials inventories 
is destabilizing, and this behavior is 
apparent at all stages of cyclical fluc
tuation. 

Inventories in all three stages of 
fabrication respond positively to 
levels of demand, as measured by 
sales and new orders, and negatively 
to the financial cost of holding inven
tories. The finding of a response to 
the latter, as measured by a real rate 
of interest, contrasts with the findings 
of much previous analysis. The con
trast in findings, at least in part, is 
due to the inclusion in the sample 
period used for this article of the wide 
swings in real interest rates of the 
1970's. The response to demand is 
stronger for work-in-process and ma

terials inventories than for finished 
goods inventories, and this difference 
accounts, at least in part, for the dif
ference in stabilizing/destabilizing be
havior. 

The Contribution of Inventory 
Investment to Instability 

The measure proposed in this arti
cle is an answer to the question: How 
much more instability is there in pro
duction than in final sales? The meas
ure can be calculated for total inven
tory investment, for inventory invest
ment by stage of fabrication and by 
industry, for expansions and contrac
tions, and for many other groupings 
of inventory estimates. 

The measure is the percent differ
ence between two measures of disper
sion. One of the two is the root-mean-
square (i.e., the square root of the 
mean squared value) of the percent
age deviation of final sales of goods 
and structures (in 1972 dollars) from 
its trend. The other is the root-mean-
square of the percentage deviation of 
final sales plus inventory change— 
i.e., production—from its trend. If 
sales relative to its trend has a root-
mean-square deviation of 2.4 percent 
and sales plus inventory change rela
tive to its trend has root-mean-square 
deviation of 3.0 percent, then the 
measure equals 25, the 25 percent 
excess of 3.0 over 2.4. (As will be seen, 
these are the actual figures in the cal
culation for total inventory change in 
1959-81.) The measure is always posi
tive if inventory change is destabiliz
ing. If some category of inventory 
change has a stabilizing influence, so 
that the deviation from trend of sales 
plus that category of inventory 
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chamge is smaller than the deviation 
of sales alone, then the measure will 
be negative.^ 

In mathematical terms, the meas
ure (M) is: 

•ea M=100f 

where Sq is the square root of the 
mean square percent deviation from 
trend of constant-dollar final sales of 
goods and structures plus inventory 
change, and Ss is the square root of 
the mean square percent deviation 
from trend of final sales of goods and 
structures. The sales trend is a cen
tered 21-quarter moving average of 
actual sales.' The trend of inventory 

2. The possibility of negative values points to the 
difference between the measure of instability used in 
this article and a measure based on an analysis of the 
variance of output by component, often used by others 
(see, for example, Alan Blinder, "Retail Inventory Be
havior and Business Fluctuations, "Brookings Papers 
on Economic Activity, No. 2 (1981) pp. 445-9). In an 
analysis of variance, inventory investment will make 
a positive contribution to total variance irrespective of 
whether it is stabilizing or destabilizing; only the co-
variance terms can discriminate between the two situ
ations. The measure used here depends on both the 
variance of inventory investment and the covariance 
of inventory investment and sales. 

3. The trend was extended to the end of 1981 by 
using an autoregressive equation to project changes in 
sales and then using projected sales to calculate the 
moving average. The autoregressive equation was A 
LSt=0.0049-(-0.2429 A LSi-i, where A LS is the change 
from the preceding quarter in the logarithm of sales. 
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change is equal to the sales trend 
times the ratio of mean 1959-81 in
ventory change to mean 1959-81 
sales, and the trend of sales plus in
ventory change is equal to the sum of 
the sales trend and the inventory 
change trend. Sales, and thus Ss, is 
identical in calculation of the meas
ures for total inventories and for in
ventory categories. In contrast, actual 
and me?.n inventory change, and thus 
the trend of inventory change and Sg, 
is specific to the inventory total or 
categories.* 

The measure is a descriptive one, 
influenced by all of the forces that 
affect inventories and final sales. It 
does not separate, for example, "invol
untary" from "voluntary" inventory 
investment, or "passive" from 
"active" inventory behavior. However, 

4. It would be possible to construct an alternative 
measure in which sales as well as inventory change 
differed by category. If S's is the root-mean-square per
cent deviation from trend of some alternative sales 
series, then the relation between Af, the measure of 
instability employing the alternative sales series, and 
M, the measure of instability used in this article, is 
given by: 

M' + lOO _ S, 
M-HOO "" ST 

The alternative measure is less useful than the one 
in this article for decomposing an aggregate measure 
into the contribution of different inventory categories; 
but it might be more useful for an analysis of inven
tory investment in a specific industry. 
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the measure should be useful to fore
casters in judging whether a set of 
sales and inventory investment pro
jections conforms to, or departs from, 
the usual historical relation of inven
tory investment to sales. The measure 
should also be useful to builders of 
models of the economy in judging 
whether shocks imposed on their 
models produce sales and inventory 
investment outcomes that are realis
tic. 
Results 

For major inventory categories.— 
Table 1 presents the measure for 
major categories of inventories for 
1959-81 and two subperiods. For the 
entire period, production was 25 per
cent more unstable than final sales. 
The root-mean-square deviation from 
trend was 3.01 percent for production 
and 2.42 percent for sales. Chart 7 
shows the two time series underlying 
this measure: the percentage devi
ation of final sales relative to its 
trend and the percentage deviation of 
production, or sales plus inventory 
change, relative to its trend. 

For the period as a whole, farm in
ventories contributed little to the 
overall destabilizing effect, and within 
the nonfarm group, manufacturing 
contributed most. Within manufactur-

Final Sales and Production: Percentage Deviations From Trends, 1959-81 
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Table 1.—A Measure of the Contribution of 

Inventory Investment to Instability, 1959-81 
and Subperiods 

[Percent] 

Inventory category 

Tola! 

Farm.. 

Nonfarm 
Manufacturing 

Finished goods 
Worlt in process.. 
Materials 

Wholesale trade.. 

Retail trade 

Other 

Root-mean-square percent devi
ation of sales from trend (SJ 

Root-mean-square percent devi
ation of production from trend 
(SJ 

1959:2-
1981:4 

2.42 

3.01 

1959:2-
1970:2 

2.15 

1970:3-
1981:4 

22 

2 

20 
12 

- 2 
7 
6 

2 

4 

2 

3.01 

3.66 

NOTE.—The measure presented is equal to 100 (So—S,)/S« 
where So is the root-mean-square deviation of final sales of 

§oods and structures plus inventory change from its trend and 
I is the root-mean-square percent deviation of final sales of 

goods and structures from its trend. Sales and inventory 
change are measured in constant dollars. See text for further 
description, and see footnote 5 for discussion of additivity of 
the measure. 

ing, inventory investment in finished 
goods was slightly stabilizing. Invest
ment in work in process and in mate
rials were destabilizing.^ That they 
were destabilizing does not necessar
ily mean that inventory levels moved 
differently from final sales or from 
production; even if the level of inven
tories at some stage were perfectly 
proportional to production, inventory 
investment—the change in the level— 
could easily be destabilizing. 

Inventory investment was more de
stabilizing in 1959-70 than in 1970-
81. Both sales and production fluctu
ated less in 1959-70 than in 1970-81; 
but the percentage difference between 
the two was larger in the first subpe
riod. Manufacturing inventory invest
ment was the most destabilizing non-
farm component in both subperiods. 
Within manufacturing, inventories of 
finished goods were destabilizing 

5. If inventory investment in different stages were un
correlated with one another, then the squares of the 
measures in table 1 would be additive; that is, the square 
of the measure for total inventories would equal the sum 
of the squares of the measiu:es for farm and nonfarm in
ventories, and the square of the measure for manufactur
ing would equal the sum of the squares of the measures 
for the three stages of fabrication. Because inventory in
vestment in different stages is correlated and because 
the measure is not squai-ed, values shown in the table are 
not additive. They are close enough to additive, how
ever, to permit an accounting for totals in terms of parts. 

during the first subperiod but stabiliz
ing in the second; the other stages 
were destabilizing in both subperiods. 
Retail inventory investment was also 
destabilizing, but more so in the first 
subperiod than the second. 

These results are moderately sensi
tive to the choice of a trend line for 
final sales. For a 17-quarter average 
(instead of a 21-quarter average), 
results are much the same. For a 5-
quarter average, results are still simi
lar for the entire 1959-81 period but 
are different for subperiods. 

By cyclical stage.—The measure can 
be disaggregated by cyclical stage. For 
runs of deviations—positive or nega
tive—of final sales from trend, the 
quarters are grouped into an early 
stage (first three quarters of a devi
ation), a middle stage (fourth through 
sixth quarters), and a late stage (sev
enth quarter and later), and the 
measure calculated for the observa
tions of these stages. The resulting 
measures can be used to investigate 
whether inventory investment is 
more destabilizing in the early, 
middle, or late stages. 

Table 2.—A Measure of the Contribution of 
Inventory Investment to Instability, by Stage 
of Deviations of Final Sales From Trend, 
1959-81 

[Percent] 

Inventory category 

Total 

other 

Root-mean-square percent devi
ation of sales from trend (S.) 

Root-mean-square percent devi
ation of production from trend 
(S,) 

Stage 

Early 
(first 
three 
quar
ters); 

31 
obser
vations 

39 

1 

38 
11 

- 5 
10 
4 

2 

16 

6 

2.06 

2.86 

Middle 
(4th 

through 
5th 

quar
ters); 25 
obser

vations 

24 

0 

24 
15 
1 
8 

7 

3 

5 

1 

3.30 

4.09 

Late 
(7th 
and 
later 
quar
ters); 

35 
obser

vations 

10 

4 

6 
11 

- 1 
5 
6 

0 

4 

- 2 

1.90 

2.08 

NOTES.—For description of the measure, see text and note to 
tabie 1. 

For runs of deviations—positive or negative—of final sales 
from trend, the quarters are grouped into early, middle, and 
late stages, and the measure calculated for the observations in 
these stages. A one-quarter interruption (e.g., one negative 
deviation surrounded by positive deviations) is not defined as 
ending a run. 

Table 2 shows large differences in 
the measure of instability disaggre
gated in this way. For total inventory 
investment the measure of instability 
is 39 in the early stage of a deviation 
from trend, but only 24 in the middle 
stage and still smaller in the late 
stage. The same pattern holds true 
for the retail component, which has a 
destabilizing measure of 16 for the 
early stage but only 5 for the middle 
stage, and —4 in the late stage. In 
contrast, the manufacturing compo
nent destabilizes by about the same 
amount in each stage. Finished manu
facturing inventories are stabilizing 
in the early stages; i.e., they tend to 
be reduced early in an expansion or 
increased early in a cyclical contrac
tion. In later stages, however, finished 
goods inventories have very little 
impact. Inventories of work in process 
are destabilizing at all stages but 
more strongly in the early stage. Ma
terials inventories are moderately de
stabilizing at all stages. 

Inventory Demand Equations 
by Stage of Fabrication 

To analyze the manufacturing re
sults more thoroughly, it is helpful to 
estimate demand equations relating 
manufacturers' inventory holdings to 
measures of demand and cost. With 
these equations it is possible to ex
plain, at least in part, the destabiliz
ing or stabilizing behavior of manu
facturers' inventory investment in 
terms of the contributions of current 
and lagged demand and cost varia
bles. 

Theories of inventory behavior sug
gest that inventory holdings ought to 
depend on the level of demand and on 
the cost of holding inventories.^ The 
response to a change in demand—usu
ally measured by sales or new 
oreiers—depends on whether the 
change is accompanied by a parallel 
change in the number of establish-

6. See for examiple, Kenneth J. Arrow, Samuel 
Karlin, and Herbert Scarf, Studies in the Mathemat
ical Theory of Inventory and Production (Stanford: 
University Press, 1958); Michael Lovell, "Manufactur
ers' Inventories, Sales Expectations, and the Accelera
tion Principle," Econometrica 29 (July 1961): 293-314; 
Charles C. Holt, Franco Modigliani, John Muth, and 
Herbert Simon, Planning Production, Inventories and 
Work Force (Englewood Cliffs, NJ: Prentice Hall, 
1960); and Blinder, "Retail Inventory Behavior," pp. 
443-520. 

393-936 0 - 8 3 
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ments doing business, or whether it 
represents a change in the amount of 
activity within the typical establish
ment. In the former case, almost any 
theory would imply an elasticity with 
respect to sales or orders close to 
1.0—that is, a proportional response 
of inventories to a change in sales or 
orders, at least after a suitable time-
lag. In the latter case, however, some 
theories imply that within an estab
lishment economies of scale permit a 
less-than-proportional response of in
ventories to sales. One strand of the 
operations research literature empha
sizes a "square-root rule" in which 
the elasticity of inventories with re
spect to sales or orders is 0.5. Thus, 
elasticities of inventory holdings with 
respect to sales or orders in the range 
of 0.5 to 1.0 appear theoretically plau
sible. 

Most empirical studies of inventory 
holdings have found that there are 
sizable lags in the adjustment of in
ventories to a change in sales or 
orders. Theories often allow for a 
short period in which inventories, es
pecially inventories of finished goods, 
move in the opposite direction to 
changes in demand, due to the buffer-
stock role of inventories. But apart 
from this initial "involuntary" re
sponse, there is little explanation in 
the theoretical literature for the wide
spread empirical conclusion that in
ventories may take as long as a year 
or two to adjust to a change in the 
level of sales or new orders.' 

Although in theory, the cost of 
holding inventories is an important 
influence on demand, empirical work 
has usually been unsuccessful in un
covering a cost influence.^ Most of 
this work has emphasized a single ele
ment of cost, the interest rate on bor
rowed funds. There are, in fact, many 
other cost elements to be taken into 
account—the cost of physical storage, 
deterioration and obsolesence, insur
ance, taxes, and—most importantly in 

7. In some empirical work, this lag is referred to as 
a slow speed of adjustment; in other work, as a slowly 
changing inventory "target." The problem of finding a 
theoretical explanation is much the same in either 
case. For discussion of the problem, see Blinder, 
"Retail Inventory Behavior," and Martin Feldstein 
and Allan Auerbach, "Inventory Behavior in Durable 
(Joods Manufacturing: the Target-Adjustment Model," 
Brookings Papers on Economic Activity, No. 2 (1976) 
pp. 351-96. 

8. P. Owen Irvine, Jr., "Retail Inventory Investment 
and the Cost of Capital," American Economic Review 
71 (September 1981): pp. 633-48, is a conspicuous 
recent exception. 

recent years—expected changes in 
prices during the inventory holding 
period. A sufficiently high rate of in
crease in price can make the carrying 
costs of inventories negative rather 
than positive. The composite cost vari
able in this article, a real interest 
rate adjusted for the tax treatment of 
inventories, is a more comprehensive 
measure than the usual one. Even 
this measure, however, omits such 
cost elements as storage, insurance, 
and deterioration. 

Problems of measurement are un
usually severe for inventories and for 
real interest rates. For inventories, 
the problems are least serious for 
annual estimates, more serious for 
quarterly estimates, and most serious 
of all for monthly estimates, especial
ly for seasonally adjusted, constant-
dollar estimates. Seasonal adjustment 
is one example of an imperfect proce
dure that has far more impact on 
quarterly and monthly estimates than 
on annual estimates, but it is by no 
means the only one. Information on 
the extent of the use of the various 
business inventory accounting meth
ods is essential for the construction of 
the estimates. Such information, as a 
rule, is available only on an annual 
basis, and is interpolated smoothly for 
the construction of quarterly and 
monthly estimates. Choosing the ap
propriate lags in the wholesale prices 
used in construction of the estimates 
is a more serious problem monthly 
and quarterly than annually. Inven
tory book values, the starting point 
for the estimates, are available for a 
much larger and better constructed 
sample on an annual basis than they 
are on a quarterly and monthly 
basis. ̂  

Major problems in measuring real 
interest rates include the estimation 
of percent changes in sales prices by 
industry and determination of appro
priate marginal tax rates as influ
enced not only by statutory rates, but 
also by the use of different inventory 
accounting systems.^" The real inter-

9. For a review of data problems, see Murray F. 
Foss, Gary Fromm, and Irving Rottenberg, Measure
ment of Business Inventories. (U.S. Department of 
Commerce, Bureau of the Census, Economic Research 
Report 3 (Washington, D.C: U.S. GPO, 1980).) 

10. In particular, LIFO accounting affects taxes be
cause increases in the value of inventories during the 
period in which they are held are not subject to tax 
for firms using this accounting system. For a descrip
tion of the influence of LIFO accounting on inventory 
estimates, see Hinrichs, "Inventories." 

est rate measures in this article are 
more carefully constructed than is 
typical of other inventory studies. 
Nevertheless, these measures are un
doubtedly based on much more accu
rate information annually than over 
any shorter span. 

The demand equations 

Separate demand equations are es
timated for six categories of manufac
turers' inventories, two equations 
each for materials, goods in process, 
and finished goods. One equation of 
each pair covers industries for which 
sales is the demand variable (roughly, 
nondurable goods manufacturing in
dustries) and the other, industries for 
which new orders is the demand vari
able (roughly, durable goods manufac
turing industries)." The dependent 
variables in the six equations are the 
logarithms of end-of-year inventory 
holdings in constant dollars. 

For the sales industries, the inde
pendent variables are the logarithm 
of sales in constant dollars and a real 
interest rate. For the new orders in
dustries, the variables are the loga
rithm of new orders in constant dol
lars and a real interest rate. New 
orders are converted from current to 
constant dollars by dividing by sales 
deflators. In most industries, new 
orders in quarter t are deflated by the 
sales deflator in quarter t-|-l to allow 
for the fact that price quotations gen
erally refer to goods sold currently, 
and hence ordered sometime previous-
ly. 

The real interest rate variable is 
constructed separately for each two-
digit manufacturing industry and 
then aggregated to the level of all 
sales industries and all new orders in
dustries. The basic formula for the 
real interest rate is: 

R- 1-ft 
1-t 

where -R is a short-term interest rate 
(specifically, the Federal Reserve 
series for bank rates on short-term 
business loans), P is the most recent 

11. Note that the sales series used in this section of 
the article is manufacturers' shipments, including in
termediate as well as final products. It is not the final 
sales series used in the first part of the article. The 
exceptions to the durable-nondurable split are lumber 
and furniture, which are durable goods industries but 
for which no new orders data are published separate
ly. They are classified as sales industries for tlie pur
pose of this article. 
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annual rate of price increase for the 
sales of an industry, f is the propor
tion of each industry using non-LIFO 
accounting systems, and t is the statu
tory corporate tax rate.^^ Estimates of 
/ are based on Census Bureau annual 
surveys starting with 1974 and BEA 
surveys before 1974. They are 
smoothed before being used to calcu
late real interest rates. 

Both the demand variables and the 
real interest rate are split into two 
components, drawing on past studies 
about how sales expectations are 
formed and about how interest rate 
and price expectations are formed. 
For the demand variables—sales and 
new orders—the split is between last 
year's level and the change from last 
year to the current year.^* For the 
real interest rate, the split is between 
an "expected" component and an "un
expected" component, with the "ex
pected" component calculated from 
lagged actual values and its own 
lagged values. ̂ * Because each variable 
is split into two components, the loga
rithm of inventory holdings is related 
to four variables; the logarithm of 
lagged sales or new orders, the 
change in the logarithm of sales or 
new orders, the expected real interest 
rate, and the unexpected real interest 
rate. 

Regression results 

The inventory demand equations 
presented in this article are estimated 
using annual data as well as quarter
ly data. Comparisons of the two sets 
of results will reveal important differ
ences—differences that could well be 
due to measurement errors in the 
quarterly data. 

Annual results.—The results of the 
estimation are shown in table 3. Of 

Table 3.—Demand Equations for Inventories: Annual Regression Results 

12. This expression can be derived mathematically 
as the magnitude a profit-maximizing firm will set 
equal to the value of the marginal product of its stock 
of inventories if all of its interst costs a re deductible 
expenses, £md if a fraction, f of the increase in the 
value of its inventories during the period in which 
they are held are subject to tax. 

13. See Albert A. Hirsch and Michael C. Lovell, 
Sales Anticipations and Inventory Behavior (New 
York: Wiley & Sons, 1969), chapt. 5, especially pp. 
116-28. 

14. The separation is based on t h e equation 
XEt=a-l-b (Xi-i-i-XE,-i), where XEi is the expected 
value of the real rate in year t, and Xt-i and XE,-: a re 
the actued and expected real rates in year t — 1 . The 
procedure for estimating a and b is described in F rank 
de Leeuw and Michael J . McKelvey, "The Realization 
of Plans Reported in the BEA Plant and Equipment 
Survey," SURVEY 61 (October 1981): 36-37. 

Logarithm of sales or new orders lagged 

(Change, logaritlim of sales or new orders.. 

R2 

D W 

Sales industries 

Finished 
goods 

inventories 

-2.18 
(-3.5) 

.81 
(8.4) 

.68 
(2.9) 
-.88 

(-1.0) 
.09 

(.4) 
.96 
.67 

1.7 

Goods in 
process 

inventories 

-5.60 
(-16.0) 

1.19 
(21.6) 

.81 
(5.1) 
- .63 

(-1.1) 
.12 

(1.0) 
.99 
.56 

1.7 

Materials 
inventories 

-2.44 
(-8.2) 

.84 
(18.0) 

.69 
(4.2) 

-1.93 
(-3.7) 

- .16 
(-1.2) 

.99 

.42 
1.7 

Orders industries 

Finished 
goods 

inventories 

0.60 
(.8) 

.37 
(3.1) 
0 
(.0) 

-1.87 
(-1.6) 

.39 
(1.3) 

.97 

.99 
1.4 

Goods in 
process 

inventories 

-1.89 
(-2.6) 

.86 
(7.1) 

.27 
(2.4) 

-2.83 
(-2.2) 

.35 
(1.1) 

.98 

.95 
1.5 

Materials 
inventories 

2.99 
(-7.3) 

1.00 
(15.2) 

.36 
(3.1) 
5.00 

(-4.2) 
09 

(.3) 
.98 
.51 

1.7 

NOTE.—The dependent variables are logarithms of the levels of inventory stoclcs at the end of each year. Numbers in 
parentheses are t-ratios. 

1. The real interest rate is expressed in decimal form; e.g., 4 percent is 0.04, Separation into expected and unexpected 
components is based on the formula XEt=a-i-b (Xi-i-fXEt-i) where XEi is the expected rate in year t and Xt-i and XEt-i are the 
actual and expected rates in year t - l . The unexpected rate is the actual rate minus the expected rate. See text for further 
explanation. 

the six sales or new orders coeffi
cients, one is below (but not signifi
cantly below) 0.5, four lie between 0.5 
and 1.0, and one is above 1.0. These 
coefficients, which represent long-run 
elasticities—i.e., percent responses of 
inventories to a 1-percent increase in 
sales or new orders—generally accord 
with theoretical expectations. 

Five of the six coefficients for the 
change in sales or new orders are 
positive and smaller than coefficients 
for lagged levels; the sixth coefficient 
is zero. This result implies that inven
tories respond positively both to this 
year's sales or new orders and last 
year's sales or new order. ̂ ^ The result 
confirms past findings of a significant 
lag in inventories behind sales or new 
orders, although it does not provide 
any insight into why sizable lags 
should exist. Coefficients of change in 
demand are smaller for the finished 
goods stage of each group than for the 
other stages. Had these coefficients 
been negative, they would have been 
consistent with a temporary "involun
tary" response of finished goods in
ventories to current sales or new 
orders before the long-run positive re
sponse dominates. In these annual 
equations there is no evidence of such 
behavior, although the results do not 
rule out such a response in a quarter
ly or monthly time frame. 

The coefficients of the expected real 
interest rate are all negative, with 
three of the six t-ratios equal (in abso
lute value) to 4.0 or more. These coef
ficients multiplied by the average real 
interest rate are equal to the implied 
elasticities—the percent change in in
ventories corresponding to a 1-percent 
increase in the real interest rate. 
Thus, a coefficient of —2.0 and an 
average real interest rate of 0.04 
would imply an elasticity of 0.04 
times —2.0, or —0.08. Because of the 
lag of the expected behind the actual 
rate, this response builds up gradual
ly as an actual change is incorporated 
into expectations. The coefficients of 
the unexpected real interest rate are 
small and not significant statistical
ly. ̂ ^ 

All of the equations include a cor
rection for first-order serial correla
tion in the residuals. The autocorrela
tion coefficients range from 0.42 to 
0.99, implying that the unexplained 
variation in inventories changes 
smoothly even on an annual basis. 

Chart 8 shows the levels of materi
als inventories, new orders, and the 
expected real interest rate for the 
orders group of industries. The chart, 
like the equation for this category in 
table 3, suggests that (1) inventories 
respond to a smoothed version of new 
orders, and (2) inventories respond 

15. If K, the logarithm of the level of inventories, is 
equal to a S-i-l-b (S-S-i), where S is logarithm of sales, 
then K can also be expressed as bS4-(a—b) S-i. When 
a is positive and b is positive but smaller than a, t hen 
the alternative expression shows tha t K depends posi
tively on both S and S-i. 

16. Note t ha t if inventories were related to the cur
ren t actual real interest ra tes , and the split into ex
pected and unexpected components were irrelevant, 
then the coefficients for the expected and unexpected 
components should be the same. In fact, they are sig
nificantly different. 
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negatively to the expected real rate, 
accounting for the increase in inven
tories relative to orders in the mid-
1970's. 

A number of alternative specifica
tions were tested on annual data, 
with qualitatively similar results but 
some important quantitive differ
ences. These results can be summa
rized briefly: 

(1) Equations without an autocorre
lation correction had on average. 

larger and more significant nega
tive coefficients for the real inter
est rate and somewhat larger co
efficients for sales and new 
orders. 

(2) Replacing the "expected" and 
"unexpected' disaggregation of 
the real interest rate by a disag
gregation into current level and 
current change—parallel to the 
treatment of sales and new 
orders—generally reduced the 
real interest rate coefficients, al-

CHART 8 

Materials Inventories, New Orders, and Expected Real Interest Rate: 
Orders Industries, 1959-81 
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though they all remained nega
tive. 

(3) Replacing the level-and-change 
, disaggregation of the demand 

variables by disaggregation into 
"expected" and "unexpected" 
levels—parallel to the treatment 
of the real interest rate—in
creased the coefficients of expect
ed sales or new orders and de
creased coefficients of the expect
ed real interest rate, although the 
latter all remained negative. 

(4) A stock-adjustment specification 
of the basic equation, in which 
the logarithm of inventories de
pends on the logarithm of current 
sales or new orders, the current 
real interest rate, and the lagged 
stock of inventories, implied lags 
somewhat longer than the results 
shown in table 3. 

(5) Splitting the expected real inter
est rate into two components with 
separate coefficients, an expected 
interest-rate component and an 
expected price-change component, 
resulted in insignificant and gen
erally positive interest-rate coeffi
cients (contrary to hypothesis) 
and significant positive price-
change coefficients (in accordance 
with hypothesis). 

(6) Finally, an additional variable, 
the ratio of materials prices to 
final product prices, which would 
be expected to have a negative re
lationship to inventory holdings, 
had three negative coefficients 
and three positive coefficients. 

Quarterly resuZte.—Results of the 
quarterly versions of these equations, 
which appear in table 4, differ from 
those of the annual versions in major 
respects. The coefficients of levels of 
sales and new orders remain positive 
and significant, but average 20 per
cent lower than the corresponding co
efficients in the annual equations. Co
efficients of the expected real interest 
rate remain negative, but are much 
smaller and less significant. 

Quarterly results based on alterna
tive specifications also tended to di
verge from the annual results. For ex
ample, a stock-adjustment model fit to 
quarterly data implied considerably 
longer lags than those implied by 
annual stock-adjustment equations, 
which, as noted earlier, imply lags 
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somewhat longer than the equations 
reported in table 3. 

The annual equations appear to be 
more trustworthy than the quarterly 
ones. The annual variables are sub
ject to smaller measurement errors, 
and the divergences in results are 
those that might be expected because 
of the nature of the quarterly mea
surement problems. For example, a 
quarterly dependent variable that is 
too smooth could easily increase the 
estimated length of lags; and errors in 
measuring the real interest rate could 
easily bias it coefficients towards zero. 

Although the annual regression re
sults reported in table 3 seem prefer
able to regressions based on quarterly 
data, quarterly equations are neces
sary in order to determine how 
demand and cost factors contribute to 
the destabilizing behavior of manufac
turing inventories. What is desired is 
a set of quarterly equations subject to 
the constraint that the long-run re
sponses to demand and to expected 
real interest rates are in accord with 
the annual results in table 3. The ap
pendix describes the way in which 
such equations were estimated. 

Simulation Results for 
Manufacturers' Inventories 

The constrained quarterly inven
tory demand equations described in 
the appendix are used in this section 
in two ways: (1) to analyze the causes 
of the destabilizing behavior of manu
facturers' inventories, and (2) to illus
trate the typical effect on manufac
turers' inventories of a step change in 
sales or new orders and a step change 
in the real rate of interest. Table 5 
and 6 show the results of these simu
lations. 

Accounting for destabilizing behavior 

The equations developed in the pre
vious section and the appendix permit 
an allocation of the destabilizing be
havior of manufacturers' inventory 
investment to the influences of cur
rent and lagged sales or new orders, 
and the real interest rate. The meas
ure of destabilizing behavior devel
oped in the first part of this article 
can be disaggregated into the contri
bution of each explanatory variable in 
the demand equations. Because the 

Table 4.—Demand Equations for Inventories: Quarterly Regression Results 

Logarithm of sales or new orders 

Change in logarithm of sales or 
new orders: 

R ' 

D-W 

Sales Industries 

Finished 
goods 

inventories 

0.10 
(0.1) 

.57 
(4.2) 

.42 
(2.9) 

.41 
(3.2) 

.21 
(1.9) 

.12 
(1.2) 
- . 0 7 

( - .2 ) 
.02 

(.2) 
.994 
.99 

1.3 

Goods in 
process 

inventories 

- 3 . 9 0 
( -16.2) 

1.18 
(24.1) 

1.03 
(10.4) 

.86 
(8.8) 

.75 
(7.9) 

.44 
(5.0) 
- . 5 0 

( -1 .7) 
.08 

(1.1) 
.997 
.89 

1.9 

Materials 
inventories 

- 1 . 3 3 
( -3 .7) 

.85 
(11.4) 

.85 
(8.1) 

.71 
(7.0) 

.38 
(4.1) 

.15 
(1.7) 
- . 6 3 

( -2 .0) 
.03 

(.5) 
.996 
.95 

1.5 

Orders industries 

Finished 
goods 

inventories 

1.97 
(6.0) 

.18 
(2.6) 

.15 
(2.1) 

.08 
(1.4) 

.03 
(0.6) 
- . 0 2 

( - .6 ) 
- . 7 2 

( -1 .4) 
- . 1 5 

( -1 .6) 
.995 
.99 

1.2 

Goods in 
process 

inventories 

0.79 
(2.4) 

.55 
(7.9) 

.44 
(6.6) 

.29 
(4.9) 

.15 
(3.1) 

.07 
(2.0) 

- 1 . 4 1 
( -2 .7) 

.03 
(.4) 
.997 
.99 
.9 

Materials 
inventories 

0.66 
(1.8) 

.52 
(6.8) 

.44 
(6.2) 

.32 
(4.9) 

.17 
(3.1) 
- . 0 2 

( - .5 ) 
- 1 . 9 2 

( -3 .4) 
- . 2 2 

( -2 .2) 
.996 
.99 

1.0 

NOTE.—The dependent variables are logarithms of the levels of inventory stocks at the end of each year. Numbers in 
parentheses are t-ratios. 

1. The real interest rate is expressed in decimal form; e.g., 4 percent is 0.04. Separation into expected and unexpected 
components based on formula EXt=a+b 

((y42X,-,)+XE,.,) 

where XEi is the expected rate in quarter t, X,-, is the actual rate lagged i quarters, and XE,-< is the expected rate four 
quarters ago. Estimates of a and b are based on annual data; see note to table 3 and text. 

measure of instability is not additive 
and because the equations do not fit 
perfectly, the disaggregation does not 
provide an exact accounting for the 
contribution of each variable, but 
only strong indications of which are 
most important. Note that the equa
tions explain levels of inventories, 
whereas what contributes to stability 
or instability is inventory change. It 
is, therefore, changes in the explana
tory variable of the demand equations 
that account for the stabilizing or de
stabilizing behavior of inventory in
vestment. 

The results, shown in table 5, indi
cate that destabilizing behavior of 
manufacturers' inventory investment 
in all three stages is overwhelmingly 
due to the influence of lagged changes 
in sales and new orders, that is, 
lagged changes in demand. The table 
shows the separation of the total 
measure of instability into three com
ponents: the contribution of the accel
eration or deceleration of demand in 
the current and previous quarter, the 
contribution of changes in demand in 
all earlier quarters, and the contribu
tion of changes in the expected real 
interest rate (the impact of the unex
pected rate, with its small and insig
nificant coefficients, is not shown in 
the table). For all three stages, the 
second factor, the contribution of 
lagged changes in demand, is highly 
destabilizing. These lagged changes 

Table 5.—Disaggregation of the Measure of the 
Contribution of Manufacturing Investment 
to Instability, 1959-81 

[Percent] 

Total 

Contribution of demand: 

Acceleration/deceleration 
during cur rent and previ-

Changes in all earlier quar-

Contribution of changes in ex-

Finished 
goods 
inven
tories 

- I . O 

- . 4 

4.6 

- . 4 

Goods in 
process 
inven
tories 

7.6 

.2 

14.6 

- . 9 

Materi
als 

inven
tories 

- 1 . 0 

NOTE.—The measure is described in the text and in the note 
to table 1. The totals in this table are taken from column 1 of 
table 1. The additivity of the measure is discussed in footnote 
5. 

are less destabilizing for inventories 
of finished goods, for which the long-
term coefficients of the demand varia
bles are relatively small, than for in
ventories in other stages. Evidently, 
cycles in demand last long enough 
that reductions in inventories in re
sponse to past weakness typically 
take place while demand is still below 
trend; and inventory buildups in re
sponse to past strength in demand 
typically take place while demand is 
still above trend. 

The contributions of the other fac
tors in the table are much smaller. 
The response of inventory investment 
to the current acceleration or decel-
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eration of demand makes a small sta
bilizing contribution for finished 
goods inventories and has a impact 
close to zero for the other stages. The 
contribution of changes in the expect
ed real interest rate is also mildly sta
bilizing; evidently, the correspondence 
of expected increases in real interest 
rates with an expansion or expected 
decreases with a contraction, which 
would give rise to such behavior, are 
more common than the opposite situa
tions. 

The typical response to demand and 
real interest rates 

The results of this study can be 
shown in the form of typical re
sponses of manufacturers' inventory 
investment to a 1-percent increase in 
sales and new orders and to a 1 per
centage point increase in the level of 
real interest rates. The latter change 
could be caused by a change of 1 per
centage point in the bank interest 
rate on short-term business loans, or 
by a change of roughly 0.6 percentage 
points in the rate of inflation (the 
exact amounts depend on the indus
try distribution of the changes). 
Among other uses, these calculations 
may help forecasters in judging the 
sensitivity of manufacturers' inven
tory investment to variations in pro
jected real growth rates, interest 
rates, and inflation rates. 

The calculations are summarized in 
table 6, assuming end-of-1981 inven
tory stocks in order to translate per
cent changes into dollars of inventory 
investment. For a 1-percent step in
crease in sales or new orders, the re
sponse of investment in finished goods 
inventories is the smallest of the 
three stages; it begins at $0.18 billion 
in 1972 dollars the quarter of the in
crease, rises to $0.34 billion two quar
ters later, and then falls to zero. The 
responses of investment in inventories 
of goods in process and inventories of 
materials are larger, reaching peaks 
of $0.43 billion and $0.71 billion. The 
three stages together reach a peak of 
$1.48 billion in the third quarter of 
the upward shift in sales and new 
orders. 

For a 1 percentage point increase in 
the real interest rate, the response of 
investment in finished goods inven
tories is again smallest, starting at 
-$0.28 billion in 1972 dollars, quickly 

dropping to about one-half that 
amount, and then in the second year 
approaching zero. The response of in
vestment in materials inventories is 
largest, beginning at —$0.80 billion, 
then dropping to just under —$0.50 
billion for three quarters, to just over 
—$0.10 billion for the second year, 
and then to near zero. In total, manu
facturers' inventory investment has 
its strongest response $1.32 bil
lion—in the initial quarter. Thus, ac
cording to these results, projections of 
inventory investment ought to take 
interest rates and inflation rates, as 
well as sales and new orders, into ac
count. 

Appendix: Constrained 
Quarterly Equations 

The easiest method of estimating 
quarterly equations constrained by 
annual long-run responses is to con
struct a set of quarterly dependent 
variables of the form: 

log K , - b , log D,-4-b2 REt 

where K is an inventory category, D 
is the demand variable (sales in three 
of the six equations, new orders in the 

Table 6.—Responses of Manufacturing Inventory Investment to a Step Change in Sales or New 
Orders and in Real Interest Rates: Initial Inventory Levels of End of 1981 

[Billions of 1972 dollars, seasonally adjusted at annual rates] 

Quarters after step change 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 •. 

1-percent increase in sales or new orders 
(1972 dollars) 

Finished 
goods 

inventories 

0.18 
.23 
.34 
.13 

.17 
0 
0 
0 

0 
0 

Goods in 
process 

inventories 

0.36 
.36 
.43 
.41 

.32 
0 
0 
0 

0 
0 

Materials 
inventories 

0.23 
.62 
.71 
.35 

.06 
0 
0 
0 

0 
0 

1 percentage point increase in real 
interest ra te 

Finished 
goods 

inventories 

- 0 . 2 8 
- . 1 6 
- . 1 5 
- . 1 5 

- . 0 4 
- . 0 3 
- . 0 5 
- . 0 4 

- . 0 1 
- . 0 1 

Goods in 
process 

inventories 

- 0 . 2 4 
- . 3 0 
- . 3 2 
- . 3 0 

- . 0 7 
- . 0 7 
- . 0 7 
- . 0 9 

- . 0 2 
- . 0 2 

Materials 
inventories 

-O.80 
- . 4 5 

- . 4 5 

- . 1 1 

- . 04 
- . 0 2 

Table 7.—Demand Equations for Inventories: Constrained Quarterly Regression Results 

Coeflicients imposed from annual results: 

Logarithm of sales or new orders lagged four 
quarters 

Expected real interest rate 

Estimated coefficients; 

Oinstant 

Change in logarithm of sales or new orders: 

3-quarter lag... 

2-quarter lag 

1-quarter lag 

Current quarter 

Unexpected real interest rate.. 

Autocorrelation coefficient.. 
D-W 

Sales industries 

Finished 
goods 

inventories 

0.81 

-1.063 
(-35.3) 

.684 
(7.1) 

.630 
(6.3) 

.359 
(3.6) 

.195 
(2.0) 

.028 
(.41 

.93 

.96 
1.2 

Goods in 
process 

inventories 

1.19 

- .63 

-3.951 
-379.8) 

1.049 
(12.2) 

.875 
(9.8) 

.760 
(8.5) 

.448 
(5.2) 

.076 
(1.2) 

.92 
1.8 

Materials 
inventories 

0.84 

-1.93 

-1.274 
(-80.6) 

.974 
(10.7) 

.816 
(8.6) 

.472 
(5.0) 

.174 
(1.9) 

- .002 
(0) 

.89 

.92 
1.3 

Orders industries 

Finished 
goods 

inventories 

0.37 

-1.87 

-1.123 
(11.3) 

.299 
(9.3) 

.210 
(5.0) 

.105 
(2.4) 

.013 
(.41 

-.170 
-1.81 

.99 

.99 
1.1 

Goods in 
process 

inventories 

0.86 

-2.83 

-.657 
-6.1) 

.704 
(20.3) 

.500 
(U.O) 

.273 
(5.8) 

.123 
(3.5) 

.019 
(.2) 

.97 

.97 

Materials 
inventories 

(-

1.00 

-5.00 

1.557 
21.1) 

.868 
(20.3) 

.652 
(11.6) 

.360 
(6.2) 

.063 
(1.5) 

-.280 
(-2.2) 

.93 

.98 

.6 

NOTE:—The dependent variables are logarithms of the levels of inventory stocks at the end of each year. Numbers in 
parentheses are t-ratios. 
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others), RE is the expected real rate 
of interest, and bi and b2 are the coef
ficients of lagged demand and of the 
expected real rate reported in table 3. 
These dependent variables are related 
to current and lagged changes in the 
logarithms of D and to the unexpect
ed component of the real interest 
rate. Their coefficients determine the 
lag structure of the relationship of in
ventories to demand and cost; they do 
hot influence the long-run responses. 

Results of this procedure are shown 
in table 7. Each current or lagged 

change in demand is entered as a sep
arate variable. 

With few exceptions, the coeffi
cients in table 7 imply that the long-
run responses built into the equations 
develop gradually over four quarters. 
For example, in the equation for fin
ished goods inventories in sales indus
tries, the long-run coefficient of the 
logarithm of sales four quarters ago is 
constrained to be 0.81, and the coeffi
cients on current and lagged changes 
are 0.195, 0.359, 0.630, and 0.684. The 
net coefficient on the current levels is 

0.195; on the previous quarter's level, 
0.859-0.195, i.e., 0.164; on the level 
two quarters ago, 0.630—0.359, i.e., 
0.271; on the level three quarters ago, 
0.684-0.630, i.e., 0.054; and on the 
level four quarters ago, 0.811 — 0.684, 
i.e., 0.127. All coefficients are positive, 
implying a gradual buildup of the re
sponse of inventories to sales. By 
design, the sum of these five coeffi
cients equals 0.81. With only one ex
ception, coefficients of the unexpected 
real interest rate, also shown in table 
7, are not significant. 


